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@ Electrode apparatus with a variable distance between the electrodes. 



(57) The Invention relates to an electrode ap- 
paratus, an intravascular or intracardiac 
pacemaker or deftbrlllation electrode with an 
electrode cable in particular, consisting of a 
sleeve of insulatran enclosing a first elongated, 
fiexibte conductor, connected to a first elec- 
trode arranged on the electrode cable. The 
sleeve of insulation also encloses at least a 
second conductor, connected to a first conduc- 
tive surface arranged on the electrode cable at a 
distance from the first electrode. In order to 
achieve an electrode apparatus with which the 
distance between the electrode on the elec- 
trode cable can be changed in a very simple 
manner and In which at least one electrode can 
be enlarged, reduced and even rotated around 
the electrode cable in certain instances, it is 
proposed according to the invention that the 
electrode apparatus (1, 9) be equipped with at 
least one sleeve-like body (19-23, 32, 35). Insu- 
lated against the surroundings and slidable on 
the electrode cable (312). which at least partially 
covers the first conductive surface (6, 11) and 
with which a second electrode (6, 11, 37) can be 
formed whose position in relation to the first 
electrode (5, 10) and/or whose size can be 
varied. 
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The invention relates to an electrode apparatus, an intravascular or intracardiac paceniaker or defibrilla- 
tion electrode in particular, with an electrode cable consisting of a sleeve of insulation enclosing a first elon- 
gated, flexible conductor, connected to a first electrode arranged on the electrode cable, and at least a second 
conductor, connected to a first conductive surface arranged on the electrode cable at a distance from the first 
5 electrode. 

With the aid of a bipolar pacemaker electrode apparatus, the heart can be stimulated and cardiac activity 
sensed with the aid of the electrodes arranged on the electrode apparatus. In order to achieve good sensing 
of cardiac activity, the electrode for this purpose is generally placed at a distance from the stimulation electrode 
which, in most instances, is arranged at the distal end of the electrode cable. With an implanted intracardiac 

10 pacemaker electrode, the stimuiatton electrode usually presses against the heart wall in the inferior part of 
the ventrrcle. If the physician wishes to apply the sensing electrode in the ventricle, atrium or superior vena 
cava, he must select on each implantation occasion an electrode apparatus in which the distance between 
the stimulation electrode and the second electrode is such that the latter electrode can be applied at the de- 
sired site. Since the size and shape of the heart varies from one patient to another, the physician must have 

15 access to a large number of pacemaker electrode apparatuses with different distances between the said elec- 
trodes so she/he can select an electrode apparatus in which the distance between the electrodes permits op- 
timal siting of the second electrode. Even with a pacemaker electrode apparatus for intravascular siting, the 
physician needs to select an electrode cable with an interelectrode distance suitable for the patient in order 
to achieve optimum sensing and stimulation of the heart. 

20 In US-PS-5 172 694, a pacemaker electrode apparatus for intracardiac siting of the kind cited above is 

shown and described. By providing the electrode apparatus's cable with a plurality of relatively closely spaced 
consecutive indifferent electrodes, separated from the stimulation electrode, each with its own separate con- 
ductor, an attempt was made to reduce the number of electrode apparatuses which have to be stocked at a 
hospital When the physician tests these electrodes, individually or in pairs, after the electrode apparatus has 

25 been implanted, she/he is able to identify the electrode or electrodes with the best position in the heart or vein 
and then disconnect the others. The disadvantage of this electrode apparatus is that only a limited number of 
indifferent electrodes can be arranged on the electrode cable, since the relatively thin cable must enclose a 
corresponding number of conductors. So no large stretch of cable can be covered with these electrodes, since 
the cable's dimensions, flexibility and connections would be adversely affected. 

30 In US-PS-5 044 375, a defibritlatton electrode apparatus for intravascular placement of the aforemen- 
tioned kind is described. The defibrillation electrode apparatus contains two separately arranged defibrillation 
electrodes, in addition to a pacemaker stimulation electrode arranged at the distal end of the electrode cable, 
and a tightly spaced sensing electrode. With this electrode apparatus, the physician is unable to change the 
distance between the defibrillation electrodes. 

35 The object of the invention is to achieve an electrode apparatus of the aforementioned kind in which the 

distance between the electrodes on the electrode cable can be changed with great simplidty and in whk:h at 
least one electrode can be enlarged, reduced and. in certain embodiments, rotated around the electrode cable. 

This problem is solved when the electrode apparatus is provided with at least one sleeve^like body, insu- 
lated against the surroundings and slidable on the electrode cable, which at least partly covers the first con- 

40 ductive surface and with which a second electrode can be formed whose position in relation to the first elec- 
trode and/or whose size can be varied. With this structure for the electrode apparatus, the sleeve-like body 
or sleeve-tike bodies, the second electrode can be slid along the first conductive surface in relatton to the first 
electrode so the distance between the electrodes can be changed. 

A pacemaker electrode apparatus according to the invention is used preferably in conjunction with DDD 

45 and VDD applications. "DDD" means that both the first and the second electrode are used for detection and 
stimulation, and "VOD" means that at least one electrode in the atrium senses atrial activity and synchronizes 
ventricular activity. In both these applications, one electrode is placed in the ventricle and the other in the at- 
rium. Stimulation of the ventrrcte is inhibited when spontaneous activity is sensed so the electrode placed there 
has both a sensing and stimulating function. One or a plurality of electrodes placed in the atrium is/are often 

50 used for bipolar sensing of cardiac activity. So the ability to move this bipolar electrode, or these electrodes, 
along the electrode cable to an optimum position would therefore be highly advantageous. 

The pacemaker electrode apparatus would also be useful for use in the ventricle, i.e. in which both elec- 
trodes are in the ventricle and the physician wishes to ascertain the propagation direction of a ventricular com- 
plex. The spontaneous complex starts from the wall of the septum, one-third of the way up from the cardiac 

55 apex. A different propagation direction is achieved when stimulation is with a stimulation electrode located at 
the apex. Knowledge of this can be used for distinguishing spontaneous heart contractions from stimulated 
contractions, with the aid of an electrode apparatus according to the invention whose electrode, not placed 
at the apex, can be moved to an optimum position in the ventricle. 
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In one advantageous enr^bodiment of the invention, it is proposed that the second electrode be formed from 
the part of the first conductive surface which is not covered by the sieeve-like body. When the body is moved 
In relation to the said conductive surface, the electrode surface can be enlarged or reduced. In this way, the 
physician can also change the distance between electrodes by exposing the end of the conductive surface 

5 facing away from the first electrode or by exposing the second surface facing towards the first electrode. 

As regards an advantageous embodiment of the invention, it is proposed that the sleeve-like body have 
at least one opening which is smaller than the size of the first conductive surface, whereby the opening can 
be rotated around and/or slid along the first conductive surface. With a body devised in this way, the conductive 
surface exposed through the opening and forming the electrode can be aimed in the desired direction by ro- 

10 tating the body around the cable's longitudinal axis. In this way, the electrode can achieve a favorable distrib- 
ution of current in heart tissue both with a pacemaker and a defibrillation apparatus. The opening with a pa- 
cenrtaker electrode apparatus is preferably aimed at excitable tissue. If the sleeve-like body is equipped with 
fixatfon means, e.g. in the fomn of lines, near the electrode formed by the body, the ability to rotate the body 
so the fixation means are aimed at and affixed to heart wall would be highly advantageous. This rotation would 

15 also be advantageous when a defibrillation electrode apparatus is in contact with sensitive venous or heart 
tissue. With this placement, the body can be rotated so it serves as insulation against the said tissue. 

According to the Invention, the first conductive surface consists of a thin coating deposited on the insu- 
lation. This coating can be e.g. vapor-deposited so the electrode cable's flexibility is not impaired. According 
to the invention, the first conductive surface can even be formed from part of the second conductor which is 

20 then stripped of insulation sleeve. The second conductive surface can consist of a long stretch of electrode 
cable. The main thing is for the sleeve-like body to cover this conductive surface, at least in part 

According to the Invention, the first conductive surface can even consist of at least two preferably ring- 
shaped sub-surfaces connected to a common conductor. 

The electrode apparatus can also be advantageously equipped with two sleeve-like t)odies which can slide 

25 in relation to each other and/or rotate in relation to each other. The conductive surface, which is delineated by 
the opposing ends of the sleeves, can be enlarged or reduced with the sleeve-like bodies. Each sleeve-like 
body can also be provided with an opening which can be aimed in different directions when the body is rotated 
around the cable by the physician. 

According to a preferred embodiment of the invention, it is proposed that the interior walls of at least one 

30 of the sleeveltke bodies be provkJed at least in part with a conductive coating, connected to an electrode ar- 
ranged on the body, which forms the second electrode. This second electrode can be ringshaped, semi-ring 
shaped or have some other advantageous shape. The electrode can be arranged anywhere on the body, e.g. 
on one end of the body. In a defibrillation electrode apparatus, the electrode can aiso cover a large part or 
the entire body. 

35 According to another preferred embodiment of the invention, it is proposed that the electrode apparatus 
be equipped with a third conductor, connected to a second conductive surface arranged on the electrode cable, 
inside the sleeve of insulation, whereby the first and the second conductive surfaces are subdivided into sub- 
surfaces separately spaced along the electrode cable. This electrode apparatus construction is for e.g. a mul- 
tipolar pacemaker electrode apparatus. 

40 In conjunction with an electrode apparatus equipped with subsurfaces, it is proposed according to the in- 

vention that the sleeve-like body be provkied with two openings, spaced at a distance corresponding to the 
distance between two adjacent subsurfaces, whereby the length of one opening is less than the distance be- 
tween these sub-surfaces. The length of the opening ensures that no opening is able to expose two sub-sur- 
faces simultaneously. When the body is slid along the cable in such a way that each opening exposes one 

45 conductive surface, the surfaces being electrically separated from each other, a movement of these electrodes 
and, accordingly, a change in the distance between them and the first electrode, are achieved when a multi- 
polar pacemaker electrode apparatus is involved. 

According to an embodiment of the invention, it is proposed that the length of the sleeve-like body be such 
that the body's proximal end is accessible to the physician after the first electrode has been applied. In this 

50 embodiment, the physician is able to control the body even after an implantation and thereby work her/his way 
to the best position(s) for the second electrode or second electrodes respectively. 

According to the invention, the proximal end of the body can even be equipped with control means with 
which the body can be slid along or rotated around the electrode cable. The body can therefore be relatively 
short but still controllable after the electrode apparatus has been implanted. 

55 According to the invention, the interior walls of the sleevelike bodies and/or the surface of the electrode 
cable on which the bodies slide can be provided whh a coating of lubrk:ant. This would facilitate the body's 
sliding and rotation. 

The invention will now be described in greater detail, referring to FIGURES in the attached drawings in 
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which 

FIG. 2 is a sectton through a heart with a partially applied defibrillata 

.ion fn va'rioVsVirrnr ''^'""'^ '^'"^'^'^ ^"^ PacemaKer apparatus whfch elucidate the Inven- 
^ Jr^'°' ^ " "'"^^ pacemaker electrode apparatus 1 which is applied in a patient's heart 2 The 

dui^? Tr"^."* ' '^^"'^ 3 with a sleeve of insulation 4 endosing a fSle cor^ 

Of .nsulafon 4 also encloses an additional conductor (also not shown in the FIGURE). ccnne<S«iVa ^dti 
Z °? ' '"^"'"^ ^ '"«^'"«^«"' Electrode or in^ ^tSJl 

thrjec^TridessTdeL^T^^^^ 

the elec rodes 5 and 6 can be varied with the pacemaker electrode apparatus 1 described here as will be de 
scribed in conjunction with several ofthe FIGURES 3-12 oea nere. as will be de- 

rJ!!,T',l f ^ <*««Mlation electrode apparatus 9. applied to a patient, consisting of an electrode 
^nneldl fr^rL'"^^^^^^^^ 

connected to a firs defibrillation electrode 1 0 on the electrode cable 12and the second conductoVTonnectS 

velli M T " «'"»'°««'"«"«. the first defibrillation electrode 10 is Ic^t^l i^S 

The dil°L? heart 14. and the second defibrillation electn^ie 11 is arranged in the superioT^S iva 
The d^tance between the electrodes 10 and 11 for this defibrillation electrode apparatus 9 can be Jari^ ^ 
descnbed in conjunction with several of the FIGURES 3-12 pparanjs a can oe vaned. as 

Lf^l fi 11 h J ""^ «'^«""9«<'«siredpartof thesleeveof insulatk,n4. 13.TheconduSve 

4 3" formed'bv a TZ""'"' !° -"<'"ctor 16 inside the sleeve ofTnsltn 

4. 13 IS formed by a very thin coating of a conductive material deposited on the sleeve of insulation 4 1^ f« 

Tr^ o : tr?' «"«*"«^^« e 1 l ean t^TZt', from 

a part of the helical conductor 16. whfch is then stripped of insulation sleeve 4. 13 Here theSaTnd ZduZ^ 
connected to the first electrode 5 or 10. mentioned in conjunctions with FIGS 1 aTd i L""th^^^^^ 

Tf^^ 4^ T- '"^.r:'"'"" ^'^'-"^ with da^L i„ef 

1 8 wnfrh ; K r ! ^^"'""'^ •"^^^^ ^" '"^"'^""9 "«'«rial. and with a window-like openinq 

18. which can be shd along the electrode cable 3. The body 1 9 is arranged on the electrode c^e 3 in SJch a 

the ir?,!l "^"^T f"^"^" ' ""^"'^'^^^ ^PP^'^t"^ 1 »his embodimenl The distance between 
Z STcantt ' f ' "^^"'"^^ displacement of the window 18 le lengTof 

tl^ body 19 can preferably be such that the body covers the conductive surface 6 even when the window 18 
has been moved . o^ 

wiih w '^"'^ '"^ " P«'=«"'aker.or defibrillatton electrode apparatus 1 9 is provided 

TeLtLTth ''h r"'"r ■^•"'^ th-' b^lyTca; bl Zed^ 

6 1 hi T T^"^ ^' " -""^ 6, 1 1 is exposed The surfa.^ 

!;L^ rTr *^;''**^ '^''y 20 is slid in onedirection or th^ 

In FIG 6. the etectrode cable 3. 12 is provided with two windowless. flexible bodies 21 22 which ran be 
Tr 1°''"' "^^^^ 3- ^2 and along the condud^^^ 

dtrrrrarr;iTrrtrre!::r^ 

FIG. 7 shows a sleeve-like body 23 arranged on the electrode cable 12 The bodv 23 is eouinn^rt u,Hh 
e^,nga.ed window 24 which accordingly exposes a conductive surface 11 whicS s^^y I'^^Zp'^e^^^^^^^^ 

Jl r, '^'^ 23 is long enough to make its pn,ximal end 25 accessible to the phvSn 

HTJ ' T'^'"' ""P'""**"- "^"'^ -«=essibllity can be very useful to the phScia^" 

since the window 24 can be rotated around its longitudinal axis, and the exposed conductive surface ? in 
be aimed in the desired d.ection. achieving a favourable distribution of cuJnt in heart tiss^ n tS emboT 
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ment the sleeve-like body 23 can also be slid along the electrode cable 12. thereby changing the distance 
between the electrodes 10 and 11. 

The length of the body 23 described here can obviously be used In conjunction with several of the previ- 
ously described embodiments, e.g. the body 19 described in FIG. 4, which could advantageously have the cor- 
5 responding length. 

Another way to control a relatively short sleeve-like body. e.g. the body 19. with an implanted electrode 
apparatus is with the aid of a control device 27 is shown in FIG. 8. The control device 27 consists of a tubular, 
flexible part which is connectable to the body 19 and whose length is such that the physician is able to grasp 
the control device's 27 proximal end even after implantation, tn this embodiment, the distal end of the control 

10 device 27 is equipped with a projecting part 28 which can be inserted into a corresponding recess 29 in the 
body 19. Using this control device 27, the physician would then be able to slide the body 1 9 along the electrode 
cable 3 and rotate the body 19 around its longitudinal axis. The means for connecting the distal end of the 
control device 27 to the body 1 9 could obviously be devised in other ways than the one shown in FIG. 8. If the 
physician does not wish to rotate the body 19 around its longitudinal axis but merely to slide it along the elec^ 

15 trode cable 3, the control device 27 does not have to be equipped with gripping means 28, 29. The internal 
dianoeter of the tubular control device 27 is preferably somewhat larger than the external diameter of the elec- 
trode cable 3, thereby reducing friction between these parts. 

In FIG. 9 is shown that the conductive surface 6, 11 can also consist of a plurality of consecutively spaced 
sub-surfaces connected to a common conductor 1 6. An electrode cable 3. 1 2 provided with such sub-surfaces 

20 can be advantageously used with a pacemaker electrode apparatus 1 in which e.g. the body 19 is slidable on 
the electrode cable 3 and in which the length of the window 18 roughly corresponds to the length of one sub- 
surface. In the FIG. the body 19 is designated with dashed lines. The FIG. also shows that the window 18 can 
be wider than has been shown for previous embodiments. Depending on the size of the sub-surfaces, an em- 
bodiment of the kind described here can also be used with a defibrillation electrode apparatus 9. 

25 In FIG. 1 0 is shown a multipolar pacemaker electrode apparatus 1 in which the electrode cable 3, is equip- 

ped with a third conductor 30, arranged inside the sleeve of insulation and connected to a second conductive 
surface 31 arranged on the electrode cable, In addition to the previously described conductors 18, 17. The 
previously described first conductive surface 8 and the second conductive surface 31 are subdivided into sub- 
surfaces 6, 31 separately spaced along the electrode cable 3. For the sake of clarity, the conductors 16 and 

30 30 are schematically rendered with dashed lines outside the electrode cable 3 with a connectk)n to the respec- 
tive sub-surfaces. This electrode cable 3 is preferably provided with a sleeve-like body 32 with two openings 
or windows 33, 34, consecutively spaced at a distance corresponding to the distance between two adjacent 
sub-surfaces 6, 31. One such sleeve-like body 35 is shown in FIG. 11. To prevent a window 33, 34 from si- 
multaneously exposing parts of a first and second sub-surface 6 and 31, the length of a window 33, 34 is less 

35 than the distance between the sub-surfaces 6, 31. When the body 32 is slid along the electrode cable 3, the 
distance between the first electrode 5 and the sub-surfaces 6, 31 changes, thereby forming two additional 
electrodes. This embodiment shows that the sleeve-like body 32 is equipped with projecting fixation means 
in the fomi of tines 38 arranged by the windows 33, 34. With the aid of the f ixation means, the body 32 can 
be attached to the heart wall so the sub-surfaces 6, 31 come into direct contact with excitable tissue, thereby 

40 resulting in a very low stimulation threshold. 

In FIG. 12 Is shown a sleeve-like body 35 which has been slid onto the electrode cable 3,12 for the pace- 
maker or defibrillation electrode apparatus 1, 9. The interior wall of the body 35 is provided with a conductive 
coating 36, e.g. in the form of a strip running along the entire length of the body 35, as shown in the FIG. The 
conductive coating 36 is connected to an electrode 37, arranged on top of the body 35, which forms the second 

45 electrode in one of the electrode apparatuses 1, 9. In this embodiment, the electrode 37 is arranged on one 
end of the body 35. As a result of the strip-shaped conductive coating 36. the electrode 37 is always in con- 
nection with the first conductive surface 6, 11 as long as the body 35 covers this surface 6, 11 on the electrode 
cable 3, 12. The electrode 37 can be arranged anywhere on top of the body and even have a larger area than 
the one shown in conjunction with this FIG. The electrode surface does not necessarily have to be ring-shaped. 

50 A relatively large conductive surface on the body 35 can serve as a defibrillation electrode. When the body is 
slid along the electrode cable 3, 12. the distance between this electrode and the first electrode 5, 10 can be 
enlarged or reduced. An electrode which is not ring-shaped can be aimed in the desired direction if the body 
is rotated on its longitudinal axis. The body 35 also has tines 39 which are arranged next to the electrode 37. 
In order to facilitate sliding or rotation of the sleeve-like bodies 19-23, 32 and 35, their interior walls and/or 

55 the surface of the electrode cable 3, 12 on which the bodies slide are provided with a coating of lubricant not 
shown in the FIGS. 

Within the scope of the invention the said first electrode 5 for the pacemaker electrode apparatus 1 and 
the electrode 10 for the defibrillation electrode apparatus can be constructed in the way described in conjunc- 
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Z T. n. T"^ «^ertrode/second electrodes respectively in the application. With the invention is achieved 
Ln ^ IcS T r continuously slid along the electrode cable so these electrodes 

rJLT^Sn^ """^ ^"-^ ^'"^'"9 Of the electrode can also be varied 



Reference designations 



1 Pacemaker electrode apparatus 

2.14 Heart 

3.12 Electrode cable 

^.13 Sleeve of insulation 

5 First electrode 

6 First conductive surface, indifferent electrode 

7.15 Ventricle 

8 Atrium 

9 Defibrillation electrode apparatus 

10,11 Defibrillation electrode, first conductive surface, first electrode 

16,17,30 Conductors 

18,34,33.34 Opening, window 

19.20 Sleeve-like body 

21.22 

23.32,35 

25 Proximal end of the body 

27 Control means, control device 

28 Projecting part, gripping means 
^'^ Second conductive surface 

36 Conductive coating 

37 Electrode 

38 Tines 



Claims 



2. 



2rtZ^^^iTT"' M intravascular or intracardiac pacemaker or defibrillation electrode in partic- 
ular w,th an electrode cable consisting of a sleeve of Insulation enclosing a first elongated, flexible con- 

Inec^T^^^ ' " ^'^^^"^^ ^^-^ -o^d conductor. 

?r 1 r T "'P'^"'"' ^'^^ s'eeve-like body 

(19-23. 32. 35), insulated against the surroundings and slidable on the electrode cable (3 12) whteh at 
least partly covers the first conductive surface (6. 11) and with which a second electrode (6 11 37) can 
be formed whose position in relation to the first electrode (5. 1 0) and/or whose size can be varied. 

from the part of the first conductive surface (6. 11) which is not covered by the sleeve-like body (ig.23. 

3. An electrode apparatus according to daim 1 or 2. characterized in that the sleeve-like body (1 9 23 32) 
has at least one opening (18. 24. 33. 34) which is smaller than the size of the first conductive surfece (6 

fece"^^^^^^^^^^ 

4. An electrodeapparatus according to any of claims 1 - 3. characterized in that the first conductive surface 
(b. 11) IS fomied from a thin coating deposited on the sleeve of insulatbn (4, 13). 

5. An electrode apparatus according to any of claims 1 - 2. characterized in that thef irsl conductive surface 
(6. 11 ) IS formed from the part of the second conductor (16) which is stripped of Insulation sleeve (4, 13). 

6. An electrode apparatus according to any of claims 1 - 5. characterized in that the first conductive surface 

6 
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(6, 11) consists of at least two preferably ring-shaped sut>-surfaces. 

7. An electrode apparatus according to any of claims 1-6, characterized In that It is equipped with two 
sleeve-like t)odies (21 , 22) which can slide in relation to each other and/or rotate in relation to each other. 

5 

8. An electrode apparatus according to any of claims 4-7. characterized in that the interior walls of at least 
one of the sleeve-like bodies (35) is provided at least in part with a conductive coating (36). connected 
to an electrode (37) arranged on the body (35), which fonms the second electrode. 

10 9. An electrode apparatus according to claim 6, characterized in that the electrode (37) is arranged on one 
end of the body (35). 

10J An electrode apparatus according to any of claims 1-9, characterized in that the electrode apparatus 
(1) is equipped with a third conductor (30), connected to a second conductive surface (31) arranged on 
15 the electrode cable (3), inside the sleeve of insulation (4), whereby the first and the second conductive 

surfaces (6, 31) are subdivided into sub-surfaces separately spaced along the electrode cable (3). 

11. An electrode apparatus according to any of dalms 1-7 and 10. characterized in that the sleeve-like 
body (32) is provided with two openings (33. 34), spaced at a distance corresponding to the distance be- 

20 tween two adjacent sub-surfaces (6. 31 ), whereby the length of one opening (33. 34) is less than the dis- 

tance between these sub-surfaces. 

12. An electrode apparatus according to any of claims 1-11. characterized in that the length of the sleeve- 
tike body (19, 23) is such that its proximal end (25) is accessible to the physician after the first electrode 

25 (5. 10) has been applied. 

13. An electrode apparatus according to any of claims 1 - 12. characterized in that the proximal end of the 
body (1 9) is equipped with control means (27) with which the body (1 9) can be slid along or rotated around 
the electrode cable (3). 

30 

14. An electrode apparatus according to any of claims 1-13. characterized in that the t>ody (32. 37) is equip- 
ped with projecting fixation means (38, 39) which are preferably arranged near the opening or openings 
(33. 34) or by the electrode (37). 

35 1 5. An electrode apparatus according to any of claims 1 - 14. characterized in that the interior walls of the 
sleeve-like bodies (19-23, 32. 35) and/or surface or the electrode cable (3. 12) on whk:h the t>odies slide 
are provkled with a coating of lubricant. 
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